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Abstract 
By applying the optical second harmonic generation (SHG) measurement to the polymer-based organic light-emitting transistor 
(OLET), we directly visualized the electron transport in poly(9,9-di-n-octylfluorene-alt-benzothiadiszole) (F8BT) film. The 
electron mobility in the F8BT film was directly estimated from the observed carrier motion as 6.310-4 cm2/Vs, which was 
faster than that estimated from transfer curve of the OLET. 
 
© 2010 Published by Elsevier B.V. 
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1. Introduction 
Electronic devices using organic active materials have attracted a lot of research interests in practical 
applications and device physics [1]. Organic light-emitting diode (OLED) is one of the most expected devices in 
markets, such as displays and lightings [2]. For the practical use, the device performance had been advanced from 
many approaches, for example, optimization of device structure [3], encapsulation of active area [4], use of new 
materials [5], and so on. Among them, carrier balance of injected electrons and holes at the recombination zone is 
one of the key factors for the device performance. On the other hand, a planar-type organic light-emitting device 
named as organic light-emitting transistor (OLET) was proposed by Hepp et al. in 2003 [6]. It has a structure of 
field-effect transistor (FET), where holes and electrons are injected from the source and drain electrodes to 
recombine in the organic active layer [7-9]. The use of three-electrode configuration system allows us to control the 
carrier balance electrically, and visualize distribution of EL generated from the FET channel. Hence, a lot of 
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researchers investigated OLETs intensively for the use in displays, organic laser devices, and so on [6-9]. To realize 
the complete carrier balance in OLETs, clarifying the transient carrier behavior in organic active layer is helpful. As 
the first step it is important to evaluate carrier mobility of the materials used as active layers. In our previous study, 
we could directly observe the carrier behavior in pentacene-based FETs by using the optical second harmonic 
generation (SHG) measurement [10]. Note that, pentacene is a non-electroluminescent material. In this study, we 
applied the SHG measurement to OLETs and visualized electron behaviors in polymer-based OLETs for the 
evaluation of electron mobility.  
2. Experimental Procedure 
2.1. Preparation of sample 
 
 
 
 
 
 
 
 
Ambipolar carrier injection and transport are very important to realize the complete carrier balance in OLET. 
Therefore, we need to prepare the ambipolar OLET by choosing the appropriate material and device structure. We 
used a green-light-emitting polymer, poly(9,9-di-n-octylfluorene-alt-benzothiadiszole) (F8BT), as an active layer of 
the OLET [see Fig. 1(a)]. Figure 1(b) shows the OLET structure used in this experiment [9]. Firstly, we prepared the 
bottom-contact Au source and drain electrodes (40-nm-thick) on a glass substrate by using photolithography 
technique. The device has an interdigital source-drain-electrode configuration, and the channel length and width are 
40 Pm and 10 cm, respectively. After cleaning the substrate by O2/plasma treatment, F8BT was spin-coated on the 
substrate in N2 ambience, where the solvent was m-xylene with a concentration of 1.1 wt%. The F8BT film was 
annealed on a hot plate at 563 K. Subsequently, poly(methyl methacrylate) (PMMA) was spin-coated on F8BT film 
as a gate insulator, where the solvent was n-buthyl acetate with concentration of 8.3 wt%. After the spin-coating, it 
was annealed at 353 K. Thickness of the fabricated F8BT and PMMA was about 80 nm and 500 nm, respectively. 
Then, the Ag gate electrode was evaporated on PMMA in a vacuum chamber, where the thickness of the electrodes 
was about 50 nm. Finally, the active region of the OLET was encapsulated using epoxy resin.  
2.2. Electric field analysis by optical second harmonic generation 
According to the SHG theory [11], an optical second harmonic wave is generated when the second-order 
nonlinear polarization P(2Z) is induced in the material by the incident laser light and this is called SHG. The 
polarization P(2Z) is given by  
P(2Z) = H0F(2) E (Z)E(Z),          (1) 
where H0 is the dielectric permittivity of vacuum, F(2) is the second-order nonlinear susceptibility, E(Z) is the electric 
field of incident laser light and Z is the angular frequency of the incident laser. For materials with centrosymmetry, 
the SHG is not activated because of the susceptibility, F(2) = 0. On the other hand, the SHG is activated when the 
centrosymmetry is broken in the presence of static electric field. This is so-called electric-field-induced SHG 
(EFISHG). In this case, the second-order polarization P(2Z) is given by  
P(2Z) = H0F(3) E()E (Z)E(Z),         (2) 
whereF(3) is the third-order nonlinear susceptibility and E(0) is the static electric field. That is, by detecting the 
EFISHG from centrosymmetric material, we could observe the static electric field in the material. Note that the 
F8BT is a non-centrosymmetric molecule [see Fig. 1(a)], but prepared F8BT thin film has macroscopic 
Fig. 1 (a) Molecular structure of F8BT and (b) OLET structure used in this experiment. 
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centrosymmetry. Using a laser beam with a large spot size, we can only probe the EFISHG. Here, the static electric 
field is the summation of external electric field Eext and space charge field Esc. Accordingly, we can directly observe 
the injected carrier transit by probing Esc.  
 
2.3. Setup for SHG measurement 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2(a) shows the optical setup for SHG measurement. Q-switched Nd:YAG laser was used as an incident 
light source. 3Z generator and optical parametric oscillator (OPO) were coupled with the laser to vary the 
wavelength of the incident light. The pulse laser light, whose duration was about 4 ns, impinged perpendicularly on 
the channel region of the OLET. The laser power at the sample surface and the laser oscillation frequency were 0.56 
W/cm2 and 10 Hz, respectively. The polarization of the laser light was along the channel direction and we could 
probe an electric field along the channel. The spot diameter was about 200 Pm and this spot size covered over the 
channel region of the OLET. The reflective light passing through the optical filters was detected by using a cooled 
charge-coupled-device (CCD) camera placed above the sample. The exposure time of CCD camera was 120 s, 
meaning that the 1200 pulses were impinged on the sample. We also used time-resolved microscopic (TRM) SHG 
measurement. Figure 2(b) shows the timing chart of applied pulse voltage and incident laser light in the TRM-SHG 
measurement [12]. There is a delay time td between the rise edge of the pulse voltage and laser pulse. By changing 
the delay time td, we obtained the time-evolution of the electric field distribution in the channel as well as carrier 
behavior. We applied the negative voltage to the drain electrode, where the gate and source electrodes were 
connected to the ground. Under these electrical conditions, electrons could be injected from the drain electrode.  
3. Results and Discussion 
3.1. Ambipolar transfer characteristics 
Figure 3 shows the transfer curve of the OLET used in this experiment. This current behavior clearly shows the 
ambipolar transfer characteristics, where electron- and hole-dominant currents were obtained in low and high gate-
voltage region, respectively. The mobilities of holes and electrons were 3.310-4 cm2/Vs and 1.910-4 cm2/Vs, 
respectively. The electroluminescence (EL) intensity was monitored simultaneously and it possessed two peaks 
depending of the applied gate voltage. The peaks exist at Vgs = –40 V (we called this region as the electron-dominant 
region) and Vgs = –80 V (hole-dominant region). These results indicate that the device prepared in this experiment 
operated as an ambipolar OLET.  
Figures 4(a) and (b) show the distribution of EL intensity in the channel region at the electron- and hole-
dominant region, respectively. In electron-dominant region, it was considered that electrons injected from drain 
electrode transported along the channel and they recombined with injected holes at the edge of the source electrode, 
and vice versa. On the other hand, we could not see the EL emission inside the channel [9].  
Fig. 2 (a) Optical setup for probing the SHG distribution in the OLET device and 
(b) the timing chart of time-resolved measurement. 
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3.2. Observation of carrier behavior 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 shows the time-evolution of SH distribution in the channel region of OLET. Wavelength of the laser 
light was fixed at 840nm, which corresponds to the twice wavelength of the SHG from F8BT film. We applied –100 
V to the drain electrode, whereas gate and source electrodes were grounded. We could clearly see the SHG signal at 
the edge of the drain electrode at td = 0 s. This signal was due to the external electric field, meaning the Laplace field 
was formed in the F8BT film in the absence of injected carriers. The SHG signal at the drain edge moved toward the 
source electrode with elapsed time indicating that electrons injected from drain electrode transported along the 
channel. This signal was due to the space charge field, meaning the Poisson field formation in the F8BT film. Figure 
6 shows the SH intensity profiles of Fig. 5, where we could see the migration of the edge of SH profile that 
represents the electron transport from drain to source.  
In Fig. 7, we plotted the fallen-edge of SH intensity in Fig. 6 with elapsed time. Here, carrier transit time t was 
expressed as  
t = x2/P_Vd|,            (3) 
where x is distance from the drain electrode, P is carrier mobility, and Vd is the applied voltage between drain and 
gate electrodes (-100 V) [13]. Accordingly, we directly estimated the electron mobility as 6.310-4 cm2/Vs from the 
Fig. 3 Transfer characteristics of the F8BT-
OLET. The drain-source voltage was kept at  
–100 V and EL intensity was monitored 
simultaneously by using photo-multiplier tube. 
Fig. 4 EL intensity distribution in the channel 
(a) at Vgs = –40 V and (b) at Vgs = –80 V. The 
drain-source voltage was kept at –100 V. 
Fig. 5 Transient SH distribution in the 
channel region of OLET from 0 to 10 Ps.
Fig. 6 Cross-section of SH intensity in Fig. 5.
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fitting curve in Fig. 7. This value was larger than that estimated from transfer curve of the OLET, possibly because 
the measurement was free from the contact resistance problem [14].  
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusions 
In this study, we applied the SHG measurement to the luminescent material to clarify the transient carrier 
behavior in OLETs. Consequently, the electron behavior was observed in polymer-based ambipolar OLET. The 
estimated electron mobility is faster than that estimated from the transfer curve, possibly because of the contact 
resistance. In this study, we could not obtain the hole behavior because of the instability of hole current against the 
measurement.  
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